Student Activity

Background
Human immunodeficiency virus (HIV) particles, a.k.a. virions, can exist in the bloodstream of an infected individual. However, HIV replication or production of more HIV virions occurs within cells of the lymph nodes of an infected individual. HIV is capable of infecting multiple human cell types, but for simplicity's sake, we will focus on HIV infection of CD4-positive immune cells, a.k.a. T helper cells.
The HIV envelope protein (Env) is essential for binding to a human lymphocyte or T cell. Env is composed of two subunits, a transmembrane protein called gp41 and a surface protein gp120, which are attached to one another noncovalently (Fig. 1 ). This dimer associates with two other dimers forming the trimer that binds to CD4 receptors on the surface of the lymphocyte. CD4 receptors usually act as adhesion molecules to bind to other immune cells such as antigen-presenting cells, but HIV takes advantage of this receptor and uses it to bind to the T cell. A third type of receptor involved in this interaction, called a coreceptor, is also required for HIV infection. This coreceptor is located on the T cell. HIV also needs either the coreceptor CCR5 or the coreceptor CXCR4 to enter the cell. Different types of T cells will express CCR5 or CXCR4 on their cell surface. Regions within the gp120 subunit of the envelope protein interact with both CD4 and the coreceptor, causing conformational changes in the envelope protein. This initiates the fusion of the HIV and the T cell lipid membranes, ultimately leading to the insertion of HIV's RNA genome into the host cell, subsequent copying of the RNA genome into double-stranded DNA, integration into the host's genome, and production of new virus particles.
Scientists have found that the fitness of an HIV virion is directly correlated with how fast it can infect a cell, so they are very interested in studying the evolution of gp120 in particular. The gp120 domain is important because it is a target for our immune system. The gp120 protein is composed of five hypervariable regions separated by constant regions.
The V1/V2 region is involved in modulating the interaction of the envelope receptor with CD4. Both the V1 region and V2 region consist of approximately 40 amino acids each. The V3 region is important for modulating interactions with the coreceptors CCR5 and CXCR4. Little is known about the function of V4/V5, but the region has been shown to contain epitopes for neutralizing antibodies.
The simian immunodeficiency virus (SIV) is very similar to HIV. In fact, HIV evolved from SIV. SIV is endogenous to nonhuman primate populations (chimpanzees, macaques, etc.). The Rhesus macaque serves as a model organism to study SIV infection and pathogenesis. There are many similarities between how SIV infects macaques and how HIV infects humans, although with some differences. Thus, scientists can learn much from experimenting with the SIV-macaque model to further determine molecular events during HIV infection of humans. Envelope Sequence Analysis Activity
The Experiment
Ten Rhesus macaques were infected with the SIV via intravenous injection and ten macaques were infected via a mucosal route of infection, mimicking sexual transmission. Plasma samples were taken at time points 2, 4, 6, 8, 12, 24, and 32 weeks after infection. Virus RNA was isolated from the samples, RT-PCR was performed to specifically amplify the V1/V2 region, and the products were visualized using gel electrophoresis and sequenced.
Hypotheses
& Similar amino acid changes occur in the V1/V2 region comparing macaques infected via the two routes of infection, intravenous and mucosal. & However, the route of infection, how the virus enters the host, will affect the rate of V1/V2 evolution.
Your goal is to describe the changes that occur in the V1/V2 hypervariable regions of the gp120 protein during virus infection and determine if the data supports or refutes the hypotheses above.
Data
A) Table 1 indicates the number of SIV V1/V2 variants present in the sample at each time point after infection from three macaques infected through the intravenous route (IV) and three macaques infected through the mucosal (M) route. B) Amino acid sequences obtained from the samples are provided in the file SIV_V1_V2 sequences.txt.
Each sequence is given a unique name. For example, the sequence name JJW_IV_wk2_variant1 indicates the name of the macaque subject (JJW) followed by the mode of infection (IV, intravenous or M, mucosal), time point after infection (week 2), and the variant found (clone 1).
Sequence Analysis
Quick guide for Biology Workbench (http://workbench.sdsc.edu/)
1. Log into Biology Workbench, click the Session Tools button, select New, give your session a name, click Start New Session. 2. Upload sequences into the session. Batch uploading as described below will upload all the sequences from the one file provided and then separate each sequence so you can choose specific ones to work with later.
& Click the Protein Tools button since the data is amino acid sequences. & Click Add button. Browse your desktop to upload the sequence file SIV_V1_V2 sequences.txt into your session. Click the Upload File button, then click the Save button at the bottom of your sequence text boxes. JJW  IV  2  2  2  2  8  7  6  PDW  IV  1  3  3  6  9  7  2  TDB  IV  3  3  3  4  11  9  8  AU86  M  2  2  2  2  2  4 Each amino acid is encoded by 1 codon, 1 codon is composed of 3 nucleotides, then 40 amino acids×3 nucleotides=120 nucleotides.
2. Briefly describe the steps involved in how HIV evolution occurs.
Random mutations occur in the RNA genome when reverse transcriptase converts the RNA into DNA; these mutations are not corrected and are passed on in subsequent replication cycles. Selective pressures will change the frequency of certain variants in a population. Those virions adapted to a specific environment are considered "fit" and will survive.
3. What are the specific functions of the V1/V2 region of the envelope protein? What about the V3 region?
V1/V2 modulates interactions with CD4 and it is an antigenic region containing epitopes where antibodies bind. The V3 region modulates interactions with CCR5 and CXCR4 coreceptors.
Analysis Questions
1. What are your observations and conclusions from the data in Table 1 ? Does the data support or refute the hypotheses proposed?
The table shows that in general, for the macaque subjects infected via IV, the number of variants in each subject quickly increases between weeks 8 and 12 after infection. For macaque subjects infected via the mucosal route, the number of variants increases much later, at 24 weeks. Thus, this data supports the hypothesis that the route of infection does affect the rate of SIV evolution.
2. What are your observations and conclusions from the sequence analysis? Does the data support or refute the hypotheses proposed?
Students should do multiple comparisons between the early time point and later time point within one subject (i.e., JJW_IV_wk2 and JJW_IV_wk12), and between the two subjects. Many more changes in the V1 region compared with the V2 region are evident. In JJW, these changes occur earlier compared to macaque AV95. There are no consistent sequence changes between JJW and AV95, although there are hot spots where amino acid changes occur more frequently in both subjects, especially in the V1 region (see green highlighted amino acids in the alignment below).
3. Propose reasons why there are similarities and differences in both the timing and the specific amino acid changes that occur in HIV after infection in these two subjects.
Students should note that the time when sequence changes are evident occurs much earlier in the IVinfected macaques (12 weeks) compared to the mucosal-infected macaques. Possible reasons could be that there are different selective pressures influencing the timing of when the sequence changes occur in the two groups. Since the two groups were inoculated with the virus via different routes of transmission, the microenvironment of the initial establishment of infection could play a role in how and when the virus evolves. These microenvironments can also include different initial immune responses, for example, different antibody subtypes predominant in different parts of the host (IgA antibodies are more common near mucosal surfaces).
4. How is natural selection and microevolution illustrated in this experiment? In other words, identify the genetic basis for evolutionary change, possible selective pressures, and the resulting adaptation illustrated in the experiment. What happens to the HIV mutants that are able to escape detection by the immune system?
The genetic basis for evolutionary change is the mutations that arise during the virus life cycle when its genome is being replicated. Selective pressures may include host T cell and B cell responses, specific subtype antibody responses, the microenvironment present when the virus enters the host, and the general state of the immune system during infection. The resulting adaptation is the development of variants which are not recognized by the immune system. The variants have a higher fitness compared to wild-type virus and, therefore, will go on to replicate and persist in the host.
5. Would the envelope protein serve as an effective component of an anti-HIV vaccine? Why and why not?
Researchers have logically chosen the envelope protein as a vaccine candidate since it is an outer surface, membrane protein easily accessible to the host's immune system. It also has constant regions which are generally not altered over the course of infection. However, if this protein evolves over time, specifically in the hypervariable regions like V1/V2, it is a moving target for the immune system and, thus, does not make for an effective vaccine. For example, if the host generates antibodies which specifically recognize an epitope within the V1/V2 region at week 2, by week 12, this same region could have evolved to escape antibody detection and the antibodies generated at week 2 will no longer recognize the epitope at week 12. Therefore, vaccines based solely on the envelope protein have not been shown to be 100% effective. The constant regions of the protein which do not evolve would be more effective antigenic components, while the hypervariable regions would not. Changes in glycosylation sites of gp120 can also modulate the antigenicity of HIV and, thus, can prevent antibodies from binding to certain regions of the protein allowing virus variants to go undetected by the immune system.
